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Effect of Alloying on the Grinding Performance of Al-18 wt.% Si Alloy
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Abstract: The coarse silicon phase in the microstructure of hypereutectic Al-Si alloys deteriorates their processing

performance. Improving the processing performance of hypereutectic Al-Si alloys is highly important for industrial

application of hypereutectic Al-Si alloys. The effect of alloying on the grinding performance of the Al-18 wt.% Si alloy was

studied via precision grinding tests. Results show that alloying has a refining effect on the microstructure of the Al-18 wt.% Si

alloy. Compared with the original alloy, the alloy containing 4 wt.% Cu and 1 wt.% Mg has the smoothest grinding surface,

with a roughness reduction of 70%. Compared with the original alloy, the 4 wt.% Cu- and 2 wt.% Zn-containing alloys

have significantly lower grinding forces and specific energies, with decreases of 50.9%, 54.8%, and 46.6%, respectively.

The alloy with 4 wt.% Cu and 2 wt.% Bi and the alloy with 4 wt.% Cu and 2 wt.% Zn have the best surface morphology.

Alloying significantly improves the grinding performance of the Al-18 wt.% Si alloy.
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¢ Y07/2026 ;o Al-18%Si 807 -
Si ’ ’ 1 Al-18%Si
s s Tab.1 Composition of the alloyed Al-18 wt.% Si alloy
(mass fraction/%)
’ : No. S Cu Ni Mg Bi zZn Al
’ 1 180 0.0 0.0 0.0 0.0 0.0  Bal
’ ’ 2 180 4.0 2.0 0.0 0.0 0.0  Bal
; , 3 180 40 0.0 1.0 0.0 0.0  Bal
LN 113 4 180 40 00 00 20 00  Bal
, , 5 180 4.0 0.0 1.0 2.0 0.0  Bal
6 180 4.0 0.0 0.0 0.0 0.6  Bal
, . 60 min, ,
, 10 ‘C/min ,
, , 800 C, Mg Al-50Cu,Al-10Ni Al-10Bi ,
ne , Al-20Zn ; 1,
[17] 30 min, 740 C,
C) , (
, 0.5%) , 8~10min ,
. 720 'C 200 C
Al-18%Si , , o $20 mmx
, , Al-18% 100 mm, 3, 1 o
Si( , ) , 1.2
5 MGK7120X6/F
s 20 mmx12 mmx
1 0.8 mm o
1.1 2
Al-18%Si 99.9% )
99.9% o 200 mmx32 mmx20 mmx4 mm,
Cu.Ni Mg .Bi.Zn Mg .Al-50Cu . Al-10Ni , 400#, 3 000 r/min ,
Al-10Bi Al-20Zn . @ A=8 pm,
1 B v, 5.10.15.20 m/min, @
V=10 m/min, A, 5.8.11 pm, ®
, SkW 200 C, + o
. , Kistler o JB-5C
5 °C/min 880 C, 4 mm,
’ ’ ) 5
1 :(a) 5(b)
Fig.1 Mold and casting sample: (a) mold; (b) sample
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Fig.2 Schematic diagram of the grinding force test 7n
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2%Bi; (f) 4%Cu, 2%Zn
Fig.3 Effects of alloying on the microstructure of the Al-18 wt.% Si alloy: (a) 0 wt.%; (b) 4 wt.% Cu, 2 wt.% Ni; (c) 4 wt.% Cu, 1 wt.%
Mg; (d) 4 wt.% Cu, 2 wt.% Bi; (e) 4 wt.% Cu, 1 wt.% Mg, 2 wt.% Bi; (f) 4 wt.% Cu, 2 wt.% Zn
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Tab.2 Average size of the primary silicon in the alloyed Al-18 wt.% Si alloy
. 4 wt.% Cu, 4 wt.% Cu, 4 wt.% Cu, 4 wt.% Cu, 1 wt.% Mg, 4 wt.% Cu,
Sample Al-18 wt.% Si ) ) )
2 wt.% Ni 1 wt.% Mg 2 wt.% Bi 2 wt.% Bi 2 wt.% Zn
Average size/pm 33.68 30.88 43.12 54.68 49.82 24.10
4 Vv, Al-18%Si :(a) F,; (b) F,

Fig.4 Grinding forces of the alloyed Al-18 wt.% Si alloy at different workpiece moving speeds V: (a) normal grinding force F;
(b) tangential grinding force F,

5 A, Al-18%Si :(a) F; (b) F,
Fig.5 Grinding forces of the alloyed Al-18 wt.% Si alloy at different grinding depth A : (a) normal grinding force F}; (b) tangential
grinding force F,

(F) (F) Ni< . A, , 3a ,
. 4 , , , 4%Cu+2%Zn
Al-18%Si 54.8%, 50.9%
, ( 4b). V. ; ,
o 4%Cu+2%7Zn 50%(
, 5a), 50%(  5b),
, ,4%Cut+2%Zn
. Al-18%Si . Zn
, [11] , ,
, 5 o )
, , , o 4 ,
, , 4%Cu+2%Bi ,
, o , 50.3%, 4%Cu+1%Mg+2%Bi,
i, , 44.9%, , Bi
, Ve A, Bi .
:4%Cut2%Zn<4%Cut2% 6 , , ,
Bi<4%Cu+1%Mg+2%Bi<4% Cu+1%Mg<4% Cu+2% , ,
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6 EDS :(a) 4%Cu, 2%Bi; (b) 4%Cu, 1%Mg, 2%Bi
Fig.6 EDS analysis results: (a) 4 wt.% Cu, 2 wt.% Bi; (b) 4 wt.% Cu, 1 wt.% Mg, 2 wt.% Bi
, o, 4%Cu+2%Ni _ FxV,
Py <A xb )
4%Cu+1%Mg WA
»P ,J/mm’; Fy NV,
,m/s;V,, ,m/min;A,
. 4%Cu+1%Mg spm;b ,mm, V=30 mss,
«(Al).,  SiMgSi ALCu , 7a 0=20mm.
[10] 8  Al-18%Si ,
4%Cu+2%Ni 7b s ’
Al,CuxNi ALSi . AlNi . Ni Al-18%Si o
ALCuNi ALCuNi ALNi , Al-18%Si
ALNi , 2 ,
2.3 5 )
7 XRD :(a) 4%Cu, 1%Mg; (b) 4%Cu, 2%Ni

Fig.7 XRD patterns: (a) 4 wt.% Cu, 1 wt.% Mg; (b) 4 wt.% Cu, 2 wt.% Ni

8 Al-18%Si :(a) ;(b)
Fig.8 Grinding specific energy of the alloyed Al-18 wt.% Si alloy under different grinding parameters: (a) workpiece moving speed;
(b) grinding depth
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Fig.9 Surface roughness of the alloyed Al-18 wt.% Si alloy under different grinding parameters: (a) workpiece moving speed;
(b) grinding depth
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11 Al-18%Si

Cu, 2%Zn
Fig.11 Surface morphology of the alloyed Al-18 wt.% Si alloy during grinding: (a) 4 wt.% Cu, 2 wt.% Ni; (b) 4 wt.% Cu, 1 wt.% Mg;
(c) 4 wt.% Cu, 2 wt.% Bi; (d) 4 wt.% Cu, 1 wt.% Mg, 2 wt.% Bi; (¢) 4 wt.% Cu, 2 wt.% Zn
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